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摘  要 
 Ⅰ 






































Electrospinning is a popular and easy way to fabricate nanofiber from many 
natural or synthetic materials. At present, electrospinning has become the research 
hotspot in the field of nanofiber fabrication with the advantages of simple set-up, 
easily operated and not breakdown the structure of materials. Electrospinning 
nanofiber with fine diameter, high surface to volume ratio, good mechanical, optical 
and electrical performances, which has lots of potential application, such as filters, 
membranes, wound dressing. The accurate control of electrospinning process has 
already become the key to expand the applications of electrospinning technique, 
which puts forward higher demand on mechanism and controlling theoretic research of 
electrospinning. However, the process of electrospinning and parameter change is 
complicated, there is still not good way to understand the process of electrospinning, 
which has become the great difficulty for the development of electrospinning. 
The paper focused on the formulation process researching of steady state jet in 
electrospinning. Firstly, forces acted on the jet were analyzed, and a numerical model 
was found. The effect of parameters on the jet configuration (refers to the diameter of 
jet) was also discussed. At last, experimental data was utilized to validate the 
numerical modeling. This paper includes these aspects as follows: 
The theoretical researches and developments related to electrospinning is 
summarized and analyzed. The process of jet formulation is analyzed based on the 
law of Electrohydrodynamics, Rheology and Static Electric Field, the both Leaky 
Dielectric Model and Slender-Body Model were introduced to found the numerical 
model of steady state jet. The model is simplified in the method of dimensionless 
methods, in which the same symbols were used to gain the dimensionless governing 
equations. The method of initial value was used to instead the method boundary value 
in the solving process of differential equation, by which the numerical calculation 
complexity can be simplified. The effects of parameters on the diameter of jet, such as 
supplied voltage, distance between the spinneret and substrate, flow rate of the solution, 
conductivity, concentration and viscosity of the solution, are analyzed；The dates from 















model. Electrospinning experiment and numerical simulation of PEO solution were 
done to research the formulation process and the configuration of stead state jet. 
From the results, the numerical model of steady state jet can simulate well the 
formulation process of stead state jet in electrospinning, by which the profile of jet 
can be shown and the effects of the main parameters on the diameter of jet can be 
reflected. The numerical model of stead state jet in electrospinning would promote the 
understanding and improve the accurate controlling of electrospinning process. 













目  录 
IV 
目  录 
摘  要 ............................................................................................................................ I 
Abstract ....................................................................................................................... II 
第一章 前  言 ........................................................................................................... 1 
1.1 静电纺丝法制备纳米纤维 ............................................................................... 1 
1.2 静电纺丝法的动力学行为研究 ....................................................................... 5 
1.3 研究目标以及主要工作 ................................................................................... 8 
第二章 静电纺丝稳态射流的数学模型 ............................................................ 9 
2.1 稳态射流的形成 ............................................................................................... 9 
2.2 稳态射流分析近似理论 ................................................................................. 10 
2.3 稳态射流的动态平衡分析 ..............................................................................11 
2.4 稳态射流中的流变学理论 ............................................................................. 17 
2.5 本章小结 ......................................................................................................... 18 
第三章 静电纺丝中稳态射流仿真.................................................................... 19 
3.1 控制方程的无量纲化 ..................................................................................... 19 
3.2 控制方程的简化 ............................................................................................. 21 
3.3 微分方程的初值条件 ..................................................................................... 22 
3.4 微分方程的数值求解 ..................................................................................... 23 
3.5 本章小结 ......................................................................................................... 25 
第四章 仿真模型验证与影响因素仿真分析 ................................................. 26 
4.1 电压.................................................................................................................. 26 
4.2 溶液电导率 ..................................................................................................... 28 
4.3 溶液流量 ......................................................................................................... 31 
4.4 纺丝距离 ......................................................................................................... 33 
4.5 本章小结 ......................................................................................................... 35 













目  录 
  Ⅴ
5.1 实验方案 ......................................................................................................... 36 
5.2 实验设备 ......................................................................................................... 36 
5.3 溶液配备 ......................................................................................................... 42 
5.4 实验步骤 ......................................................................................................... 42 
5.5 本章小结 ......................................................................................................... 43 
第六章 PEO 溶液电纺射流的仿真与实验研究 ........................................... 45 
6.1 纺丝电压 ......................................................................................................... 45 
6.2 纺丝距离 ......................................................................................................... 49 
6.3 供液流量 ......................................................................................................... 52 
6.4 溶液浓度 ......................................................................................................... 53 
6.5 本章小结 ......................................................................................................... 56 
第七章 总结与展望................................................................................................ 57 
7.1 总结.................................................................................................................. 57 
7.2 下一步工作 ..................................................................................................... 58 
参考文献 ..................................................................................................................... 59 














Table of Contents 
VI 
Table of Contents 
Abstract ......................................................................................................................Ⅱ 
Chapter 1 Introduction ........................................................................................... 1 
1.1 Electrospinning Method ................................................................................... 1 
1.2 Theoretical Study on Electrospinning ............................................................. 5 
1.3 Target and Works .............................................................................................. 8 
Chapter 2 Model of Steady State Jet in Electrospinning ............................ 9 
2.1 Formation of Jet in Electrospinning................................................................ 9 
2.2 Approximate Approach................................................................................... 10 
2.3 Homeostasis Analysis of Steady State Jet ...................................................... 11 
2.4 Rheology in the Steady State Jet .................................................................... 17 
2.5 Summary.......................................................................................................... 18 
Chapter 3 Simulation............................................................................................. 19 
3.1 Dimensionless Governing Equations ............................................................. 19 
3.2 Simplification................................................................................................... 21 
3.3 Initial Value...................................................................................................... 22 
3.4 Numerical Solution.......................................................................................... 23 
3.5 Summary.......................................................................................................... 25 
Chapter 4 Simulation Verification and Parameters Analysis ..................26 
4.1 Spinning Voltage.............................................................................................. 26 
4.2 Solution Conductivity ..................................................................................... 28 
4.3 Flow Rate ......................................................................................................... 31 
4.4 Spinning Distance............................................................................................ 33 
4.5 Summary.......................................................................................................... 35 
Chapter 5 Experimental Methods and Facilitys .......................................... 36 
5.1 Experimental Methods.................................................................................... 36 
5.2 Apparatus......................................................................................................... 36 
5.3 Solutions Preparation ..................................................................................... 42 
5.4 Processes of Experiments................................................................................ 42 
5.5 Summary.......................................................................................................... 43 













Table of Contents 
  Ⅶ
Electrospinning PEO Solution .......................................................................45 
6.1 Electrospinning Voltage .................................................................................. 45 
6.2 Electrospinning Distance ................................................................................ 49 
6.3 Flow Rate ......................................................................................................... 52 
6.4 Polymer Solution Concentration.................................................................... 53 
6.5 Summary.......................................................................................................... 56 
Chapter 7 Conclusions and Future Works..................................................... 57 
7.1 Conclusions ...................................................................................................... 57 
7.2 Future Works................................................................................................... 58 
References .................................................................................................................. 59 
Acknowledgements ................................................................................................. 63 

























第一章 前  言 
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的纤维中，蚕丝是 细的，直径为 4-5μm， 新开发的超细纤维直径可达 0.4-4μm。 
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